Abstract -The correlation of thermodynamic properties of nonaqueous electrolyte solutions is relevant to design and operation of many chemical processes, as in fertilizer production and the pharmaceutical industry. In this work, the Q-electrolattice equation of state (EOS) is used to model vapor pressure, mean ionic activity coefficient, osmotic coefficient, and liquid density of sixteen methanol and ten ethanol solutions containing single strong 1:1 and 2:1 salts. The Q-electrolattice comprises the lattice-based Mattedi-Tavares-Castier (MTC) EOS, the Born term and the explicit MSA term. The model requires two adjustable parameters per ion, namely the ionic diameter and the solvent-ion interaction energy. Predictions of osmotic coefficient at 298.15 K and liquid density at different temperatures are also presented.
INTRODUCTION
Electrolyte solutions are broadly found in many natural and industrial processes. Most of them deal with solutions containing salts dissolved in water, such as seawater desalination and wastewater treatment. However, in fertilizer production, pharmaceutical industries, and in equipment such as absorption, distillation, and extraction, nonaqueous electrolyte solutions play an important role. The correlation and prediction of their thermodynamic properties are essential to the design and operation of these equipments and processes.
There are few publications about models applied to correlate thermodynamic properties of nonaqueous single salt solutions, possibly because of the limited experimental data available for such systems. Some of the available models are based on the Gibbs excess energy. Chou and Tanioka (1997) used a modified Debye-Hückel equation to account for longrange interactions and the concept of solvation to account for short-range interactions. The two-parameter model was used to correlate vapor pressure of twenty-four single salt solutions containing solvents such as methanol, ethanol, 2-propanol, acetonitrile, and isopentyl alcohol; Ge et al. (2008) applied the three-characteristic-parameter correlation (TCPC) model to 46 single salts in methanol, ethanol, 2-propanol, N-methyformamide, and acetonitrile in order to correlate mean ionic activity coefficient, osmotic
Brazilian Journal of Chemical Engineering coefficient, and solvent activity.
On the other hand, equations of state (EOSs) have also been used to determine thermodynamic properties of electrolyte solutions in nonaqueous solvents. Zuo and Fürst (1997) applied an EOS constituted of four terms (one repulsive term, two attractive shortrange terms, and one long-range term) to correlate vapor pressures and mean ionic activity coefficients of single salts in methanol, ethanol, 2-propanol, and acetonitrile solutions. Held et al. (2012) employed the ePC-SAFT EOS in order to correlate liquid densities, osmotic coefficients, and mean ionic activity coefficients at 298.15 K of single salts in methanol and ethanol solutions, presenting also new experimental data for many electrolyte systems.
In this work, the Q-electrolattice EOS, which has been successfully applied to aqueous single and mixed salt solutions (Zuber et al., 2014) , is used to correlate thermodynamic properties of single salts in methanol and ethanol solutions. This model consists of the lattice-based Mattedi-Tavares-Castier (MTC) EOS, along with the Born and explicit MSA terms. In this EOS, the cation and anion diameters are fitted, as well as the energetic effects presented by interactions between solvent -cations, or -anions. A model performance analysis is presented based on the correlations of the thermodynamics properties of sixteen methanol and ten ethanol solutions containing single strong 1:1 and 2:1 salts.
Q-ELECTROLATTICE EQUATION OF STATE
The Q-electrolattice EOS was developed considering a methodology proposed by Myers et al. (2002) . For that, the interactions between species in an electrolyte mixture are taken into account by adding the contribution of different terms to the Helmholtz energy. This sum is the result of a thermodynamic path suitable to describe the behavior of electrolyte solutions accurately. The residual Helmholtz energy ( R A ) to form an electrolyte solution along the mentioned path is:
in which the  MTC A term is the contribution to the Helmholtz energy related to the repulsive and attractive effects proposed originally by Mattedi et al. (1998) ; the 
Born

A
term represents the contribution to the short-range interactions associated with the solvation effects; and the  MSA A term represents the long-range interactions due to the presence of electrolytes in the solution (Blum, 1988; Clarke and Bishnoi, 2004; Baseri and Lotfallahi, 2011) . The complete development of each term of the Q-electrolattice EOS can be found in detail elsewhere (Zuber et al., 2014) .
The dielectric constant is present in both Born and MSA terms in the Q-electrolattice EOS. Its evaluation is performed by coupling the Pottel model for dielectric constant presented by Zuo and Fürst (1997) to the EOS. This model takes into account the change in the dielectric constant of the solvent due to the presence of electrolytes. The dielectric constant of the solvent is expressed in the form of a polynomial equation, for temperatures in Kelvin, as follows:
in which S D is the pure solvent dielectric constant, and 1 d -5 d are parameters. The parameters of Eq. (2) are presented in Table  1 . For ethanol, the parameters are equal to those presented by Zuo and Fürst (1997) . For methanol, new parameters have been obtained based on the experimental dielectric constant presented by Davidson (1957) and Shirke et al. (2000) , in a temperature range from 176.60 to 318.15 K. The average absolute relative deviation (AARD(%)) for dielectric constant of methanol obtained with the new set of parameters is 1.81%. 
RESULTS AND DISCUSSION
Pure Solvents
The methanol and ethanol representations applied in this work are similar to the water representation used by Zuber et al. (2014) , in which the solvent molecule is divided into three regions: an electrondonor (α), an electron-acceptor (β), and a dispersion group (D). The solvent parameters were obtained by simultaneous regression of vapor pressure and liquid density data using the MTC EOS. It is important to stress that these parameters were obtained in this way because the Q-electrolattice EOS reduces to the MTC EOS in the absence of electrolytes. Figure 1 shows that the vapor pressures of pure methanol (Ramsay and Young, 1887; Young, 1909) and pure ethanol (Richardson, 1886; Kalafati et al., 1967; Mousa, 1987; Diogo et al. 1995; Khoiroh and Lee, 2011) are in good agreement with the experimental data in the studied temperature range. Figure  2 shows that the methanol liquid density (Gmehling, 2012) tends to be underestimated at temperatures below 290 K, while for the ethanol (Gmehling, 2012) this occurs below 280 K. In addition, the ethanol liquid density is slightly overestimated above 300 K.
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Single Salt Nonaqueous Solutions
The Q-electrolattice EOS uses two adjustable parameters per ion to calculate many thermodynamic properties of electrolyte solutions. These parameters are the ion-solvent interaction energy and the ionic diameter. Many assumptions lead to reducing the number of parameters of the Q-electrolattice to only two. One of them is that the interactions between solvent regions (α, β, D) and a given ion are equivalent. A complete description of the assumptions is available elsewhere (Zuber et al., 2014) . They are also used in this work to fit the parameters of nonaqueous electrolyte solutions.
Three thermodynamic properties are used to fit the adjustable parameters of the Q-electrolattice EOS: experimental mean ionic activity coefficients and liquid densities, both at 298.15 K, and vapor pressure data at various temperatures, of single strong electrolytes in methanol or ethanol solutions.
The fitting procedure is based on the simultaneous correlation of these three thermodynamic properties of several single salt solutions. 
 denote the calculated values of vapor pressure, mean ionic activity coefficient, and density, respectively,
 are the values of their experimental counterparts, and Np is the number of points. Table 3 presents the Q-electrolattice adjustable parameters for the ions in the investigated solutions. For both solvents, the diameters of alkali ions increase according to the sequence in the periodic table. It is also noteworthy that the alkali ions in ethanol are larger than in methanol. For monoatomic anions, only the diameters in ethanol follow the trend of the periodic table. For the polyatomic anion NO 3 -, it can be observed that its fitted diameter is larger in ethanol than in methanol. Also, the energy interaction parameters increase with increasing diameters for alkali ions in both solvents. Table 4 shows the Pauling's bare ion diameters, and the fitted ionic diameters for use with the Qelectrolattice EOS in aqueous solutions (Zuber et al., 2014) (Monica and Senatore, 1970; Zipp, 1974; Marcus, 1991) , the diameters of ions in solution should follow the trend:
. However, all the fitted ion diameters in methanol, except Cl -, are smaller than in water.
On average, the fitted diameters of the cations in water and ethanol solutions are 31% and 146% larger than Pauling's diameters; in methanol solutions, they are 53% smaller. The fitted anion diameters in water, methanol, and ethanol, are 25%, 46%, and 29% smaller than Pauling's diameters. These results suggest that the effect of the solvent on cation diameter is bigger than on anion diameter. Regardless of this observation, our experience with the Q-electrolattice EOS is that fitting the ion diameters is important to the overall model accuracy. (Pasztor and Criss, 1978; Held et al., 2012) ; Np is the number of experimental points; mmax is the maximum molality. All the calculations presented in this table for mean ionic activity coefficient (MIAC), density, and osmotic coefficient (OC) have been performed at 298.15 K. Table 5 shows that the Q-electrolattice EOS is able to correlate vapor pressures satisfactorily in both methanol and ethanol solutions, with most deviations below 3.0%. An exception is the LiI + ethanol solution, whose vapor pressure AARD value is 10.4%. Furthermore, the model shows accurate results when correlating liquid density at 298.15 K of nonaqueous single salt solutions, with deviations below 2.0% for both solvents. Figure 3 shows the effect of temperature and salt concentration on the correlated vapor pressures of LiI + ethanol solutions. At low salt concentrations, the calculations with the Q-electrolattice EOS are in good agreement with experimental data, and converge correctly to the vapor pressure of pure ethanol at any temperature. However, the Q-electrolattice EOS underestimates this property at concentrations between 1.0 and 4.0 molal, and overestimates it between 4.0 and 7.0 molal. The deviations found in these intermediate concentrations reach 18.0%, on average. At the maximum available salt concentration (8.62 molal), the deviation between the model's outcomes and experimental data are 20.0%, on average. Regarding temperature, the deviations at a given salt concentration tend to be lower at high temperatures. For example, at 2.7 molal, the deviations at 298.15 and 323.15 K are 18.9% and 16.0%, respectively; at 8.6 molal, they are 21.3% and 18.7%, respectively. Table 5 shows that the Q-electrolattice EOS exhibits significant deviations when used to correlate the mean ionic activity coefficient. For methanol solutions, the deviations vary from 5.47% for NaCl to 11.49% for LiCl, whereas for ethanol solutions the deviations are higher, reaching 25.92% for NaBr. The predictions of the osmotic coefficient at 298.15 K for electrolyte solutions of both solvents also exhibit high deviations.
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Lack of experimental data for nonaqueoeus electrolyte solutions may have been a reason why the results of mean ionic activity coefficient and osmotic coefficient are not as good as those of vapor pressure and density. The objective function, Eq. (3), adds the squared deviations in vapor pressure, density, and mean ionic activity coefficient. For few salt solutions, all three properties are available; for most of them, experimental data for only one of these properties exist. Additionally, the number of experimental points is considerably larger for vapor pressure than for other properties. This may have led to an error compensation that favored the vapor pressure results.
The deviations between the experimental and calculated values of all thermodynamic properties presented in this work tend to grow as the salt concentration increases. Therefore, we recommend using the Q-electrolattice EOS within the molality range presented in Table 5 for each salt.
The performance of Q-electrolattice EOS is compared to the work of Held et al. (2012) , in which the ePC-SAFT EOS was used to correlate thermodynamic properties of some similar salts in methanol and ethanol solutions. In general, both EOSs present thermodynamic property deviations of similar magnitude in comparison to experimental data. However, the Q-electrolattice EOS shows slightly better results for liquid density and mean ionic activity coefficient for the solutions of both solvents. On the other hand, it is less accurate than the ePC-SAFT EOS when calculating osmotic coefficient. A major advantage of the present work, compared to the work of Held et al. (2012) , is the correlation of vapor pressures, whose results are very accurate.
The vapor pressure results of Zuo and Fürst (1997) are generally better than those of this work. However, vapor pressure was the only property they considered for parameter fitting and comparison to experimental data. In addition to vapor pressure, this work focuses on density, mean ionic activity coefficient, and osmotic coefficient. The performance of the Zuo and Fürst (1997) model for predicting those properties is unknown. Figure 4 shows examples of thermodynamic properties of LiCl in methanol modeled by the Qelectrolattice EOS. In Figure 4 (A), the correlated vapor pressure is in good agreement with the experi-Brazilian Journal of Chemical Engineering Vol. 32, No. 03, pp. 637 -646, July -September, 2015 mental data in a temperature range from 298.15 to 323.15 K. In Figure 4 (B), the mean ionic activity coefficient tends to 1.0 at low concentrations; however, it is underestimated at concentrations above 0.4 molal. In Figure 4 (C), the calculated osmotic coefficient, which was not included in the objective function, is underestimated below 2.0 molal; above this concentration, the thermodynamic property is overestimated. In Figure 4(D) , although the density of pure methanol is reached at very low salt concentrations, the density of LiCl + methanol solution is slightly overestimated for molalities above 0.1.
Predictions of liquid density of single salts in methanol or ethanol are presented in Tables 6 and 7 , respectively. The predictions have been performed considering the fitted parameters presented in Table   3 . Most of the experimental data used in these calculations were obtained in papers whose focus was on the evaluation of apparent molar volume of salt. This thermodynamic property can be easily converted to liquid density by using an appropriate equation. The density predictions are performed at temperatures from 283.15 K to 323.15 K, and molalities up to 4.50 molal for both solvents. In general, they are in good agreement with the experimental data since the highest deviations are 2.04% for LiClO 4 in methanol and 1.72% for NaI in ethanol. Additionally, the deviations of liquid density for a given salt in methanol or ethanol tend to increase at higher temperatures. As an example, the deviation obtained for NaClO 4 in methanol at 283.15 K is 0.72%, whereas at 308.15 K it is 0.84%. (Gmehling, 2012) , (C) osmotic coefficient at 298.15 K (○) (Gmehling, 2012) , and (D) liquid density at 298.15 K (○) (Pasztor and Criss, 1978) . (Takenaka et al., 1994a) ; b (Glugla et al., 1982) ; c (Barthel et al., 1998) ; d (Takenaka et al., 1994b) ; e (Wawer et al., 2008) ; f (Takenaka et al., 1994c) (Glugla et al., 1982) 
CONCLUSION
In this study, the Q-electrolattice equation of state was applied to model electrolyte solutions whose solvent is methanol or ethanol. Thermodynamic properties of sixteen methanol and ten ethanol single salt solutions were obtained using two adjustable parameters per ion, namely the ionic diameter and the solvent-ion interaction energy. Particularly for the cations, the parameters exhibit some reasonable trends related to the solvation phenomenon. Vapor pressure and density are correlated satisfactorily by using the Q-electrolattice equation of state. Correlated mean ionic activity coefficients and predicted osmotic coefficients have larger deviations compared to the other thermodynamic properties. Predictions of liquid density at temperatures different than 298.15 K are in good agreement with experimental data.
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